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Abstract 

To study effect of sowing pattern and nitrogen on maize silage yield and its dependents 

components a trial was done at split-split plot design in completely randomized block at four 

replications in Qrakheil (Qaemshahr) agricultural research station in 2015 in Iran. Row 

spacing was chosen as main plots including: 65cm, 75cm and 85cm.Two cultivars (Sc704 and 

Sc770) in sub plots and three levels of N (250, 350 and 450 kg ha1) in sub-sub plots were laid 

out. Silage forage yield, ear and dry ear yield, leaf and dry leaf yield, plant dry weight and 

stem and dry stem weight, plant height, ear height, kernel number in ear row and row number 

in ear were measured. The results indicated that row spacing, were not affected on 

investigated traits. While nitrogen effected on silage yield, ear and dry ear yield, leaf and dry 

leaf yield, plant dry weight and stem and dry stem weight, plant height and ear height and 

showed significant difference. Sc704 had significant difference on plant silage weight, dry 

and wet stem weight with Sc770. Amount of 350kg/ha nitrogen was caused the most silage 

yield (36.74t/ha) and plant dry weight (16.64 t/ha) that had not significant difference with 

usage of 450kg/ha nitrogen(16.46 t/ha). Amount of 450kg/ha nitrogen was caused the most 

silage yield (37.30t/ha) that had not significant difference with usage of 350kg/ha nitrogen 

(36.74 t/ha). The most silage yield (38.21t/ha) obtained from Sc704 that was better than 

Sc770 (34.22 t/ha). The most plant dry weight (16.54) obtained from Sc704 that had not 

significant difference with Sc770 (15.92 t/ha).  

Keywords: Corn, nitrogen and potassium fertilizer, row spacing. 
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1. Introduction 

Maize (Zea maize L. ) is importance grain-forage plant in Iran (Hashemi, et al 2005).  

The mean kernel yield of maize is greater than eight t/ha and produce increase each years. New 

hybrids for each location can increase maize yield (Allard, 1960 ). maize have importance role 

in the live of the people of Americas (Kiniry et al., 1992). 

Maize requires three main element nitrogen ( N ) potassium ( K ) and phosphorus (P and on 

most soils, the amount of nitrogen is very much needed and provide sufficient nitrogen in 

various stages of growth for having a good performance(Tad,2004). according to the study 

conducted by subedi et al (2006 ), nitrogen consumption increased corn silage yield. Amount 

of corn nitrogen necessary depends on the silage yield when no restrictions have on the other 

elements( Pampolino et al 2007 ).nitrogen application have significant effect on qualitative and 

quantitative maize yield( sanjeev and Bangawa ,1997).Application of nitrogen is appropriate 

method for increasing the yield of corn (Norwood, 2000).Study have shown that the best 

response of maize to nitrogen was 250 and 300 kg per hectare net nitrogen (Di paolo and 

Rinaldi, 2008). Nitrogen is a importance factor for corn growth (Adediran and Banjoko, 

1995,.Tollenaar and Aguilera. 1992).Protein and nucleic acids have nitrogen and when 

Nitrogen is no sufficient; produce is reduced (Haque et al., 2001).For suitable corn growth it is 

necessary that nitrogen must be enough,throut the growing period. Nitrogen is a necessary 

element for many other essential compounds for plant growth processes such as chlorophyll 

and many enzymes. It is also necessary for using of phosphorus, potassium and other elements 

in plants (Brady, 1984). Therefore, deficiency or excess of nitrogen were caused reduces of 

corn produce. Sowing pattern is a main factor that determines the produce of corn (Cardwell, 

1982). Sowing method affects germination, water requirements of crop, growth and 

development of roots and exploitation of moisture from soil layers. If plants have a suitable 

pattern, water and nutrients is better utilized (Ali et al ,1998). Efficiency of radiation use is 

influenced by Sowing pattern. Sowing of corn in narrow rows results increasing light using for 

each plant. Therefore, narrow rows increase photosynthetic activity and yield (Tollenaar and 

Aguilera, 1992).Suitable plant density was caused increasing. Maize have low tolerance to 

high plant density. Maize yield was negatively correlated to radiation interception at time of 

pollination with the wider spacing (Andrade et al., 2002 ). Higher yields were obtained for 

maize in narrow rows vs. wide rows regardless of hybrids and plant density in Indiana and 

Michigan (Widdcombe and Thelen, 2002). 

Narrower row spacing with higher plant density results in a more equidistant planting pattern, 

is expected to delay initiation of intra specific competition (Duncan , 1984) .Early crop growth 

is increased with narrow row spacing(Bullock et al 1988). Optimum row spacing differs among 

plant genotype; yields will generally be maximized by sowing in rows an equidistant spacing 

among plants (Saseendranet al, 2005). Narrow-row has been advocated in recent years to 

increase grain yield (Kucharik. 2008). These differences in yield associated with row spacing 

appear to be emphasize for corn grown at more northerly location within the U.S. Corn Belt 

(Saseendran et al, 2005).Positive response was showed in yield of corn in narrower rows 

( Ottman and Welch,1989). An 11% lower yield for corn grown in 0.19- m rows vs. 0.38- and 

0.76-m rows in Wisconsin was shoewd (Pedersen and Lauer, 2003). Farnham (2001) showed a 
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2% decreasing yield for maize grown in 0.38-m rows vs. 0.76-m rows in Iowa. 

2. Material and Methods 

The study was done at the Agricultural Research station of Mazandran in Qaemshahr (31°28' N, 

52°35' E, and an altitude of 14. 7 meters above of sea level) in Iran. The soil type was clay loam.  

To determine the effect of plant pattern, nitrogen on forage yield and its dependents 

components on corn (Zea mays L. SC704 and SC770), an experiment was done as split-split 

plot with a randomized complete block design in Qrakheil (Qaemshahr) agricultural research 

station in 2015in Iran. Main plot is row space (P1=65cm, P2=75cm,P3=85cm),sub plot is 

cultivar V1=SC704andV2=SC770,sub-sub plot is nitrogen (N1=250kg/ha, N2=350kg/ha , 

N3=450 kg/ha Urea manure).Plant at each treatment were planted at four rows an four 

replications.  

Weeds control was done with hand. Irrigation was done with a sprinkler system. Plants in each 

treatment harvested separately. Plants were cut done at the two middle rows in the plots (Area 

of 9 m
2
). In harvest time, plants in each plot were weighted then dry and wet ear, stem, leaves 

and silage yield were measured. Number of kernel in ear row, number of row in ear, ear height 

(cm) and plant height (cm) also were measured. Data was analyzed by MSTAT-C 

procedure .The DMRT procedure was used to make tests of simple and interaction effects. All 

differences are significant at P< 0.05 unless otherwise stated. 

3. Result and Discussion 

3.1 Plant height 

The highest plant height was in related to SC770 with 251.7 cm. There was 235.9 cm and 

162.8 cm plant height for SC704. 

Row spacing had not significant effect on plant height. Lowest plant height was in related to 

row spacing of 65cm (241.3cm). Row spacing of 85cm (245.7 plant/ha) and 75cm (244.4 

plant/ha) have highest plant height (Table 2).Nitrogen had significant effect on dry silage 

yield. The highest plant height was obtained from 450 kg/ha N (246.8cm). The lowest plant 

height was obtained from 250 kg/ha N (240.0cm) (Table 2). 

3.2 Ear height 

SC704 had highest ear hight(116. 4cm).SC770 (115.56 cm) had less ear hight than SC704but 

no significant difference had between cultivars. There is not significant difference between 

row spacing .Row spacing of 85cm and 65cm had higher ear height with 117.9 cm and 116.5 

cm respectively. Nitrogen had significant effect on ear hight . The highest ear hight was 

obtained from 450 kg/ha N (118.7cm). The lowest ear height was obtained from 250 kg/ha N 

(113.4cm) (Table 2). 

3.3 Kernel Row Number 

Cultivars were nearly similar in point of kernel row number and had not significant difference. 

SC770 and SC704 had 15.44and 15.61 kernel row number respectively.Row spacing had not 

significant difference at this trait. Row spacing of 65cm had the highest kernel row 

number(15.58n) (Table 2).Nitrogen had not significant difference on this trait.450 kg/haN had 

the highest kernel row number(36.54n) (Table 2). 

3.4 Kernel number in ear row 
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There was no difference effect between cultivars on kernel number in ear row .SC704 had the 

highest kernel number in ear row with 36.14n.SC770 had 35.94n) .The highest kernel row in 

ear row with 30.33n was optained from 75000p/ha.Row spacing had not significant different 

effect on this trait.Row spacing of 65cm, 75cm and 85cm, had 36.50, 35.79 and 35.83 n 

kernel row in ear row respectively (Table 2). 

Table 1. Variance analysis of experimental traits 

Plant 

height(cm) 

Plant height(cm) Row 

number 

Kernel number in 

row 

df Source of variation 

1155.61* 41.57ns 0.65ns 67.09ns 3 Replication 

120.68ns 115.26ns 0.06ns 3.79ns 2 Row spacing 

159.18 61.26 5.32 22.31 6 Error(a) 

4449.39* 15.13ns 0.500ns 0.67ns 1 Cultivar(b) 

270.01ns 51.54ns 1.17ns 1.68ns 2 
Row spacingx 

Cultivar 

250.73 175.99 1.09 44.16 9 Error( b) 

284.26ns 168.43ns 1.72ns 4.54ns 2 N(c) 

69.41ns 73.18ns 2.72ns 53.08* 4 Row spacingxN 

78.43ns 41.63ns 1.50ns 30.85ns 2 CultivarxN 

233.37ns 76.79ns 0.17ns 86.97** 4 
Row 

spacingxCultivarxN 

206.93 75.39 1.43 18.66 36 Error( c) 

5.90 7.49 7.69 11.98 3 %CV 

*,** and ns significant at the 5% , 1% and non-significant respectively. 

Table 2. Mean comparison of different treatments for the studied agronomic characteristics in corn 

Plant height(cm) Ear height(cm) Row number Kernel number in row Treatments 

    Row spacing 

241.3a 116.5a 15.58a 36.50a 65cm 

244.4a 113.6a 15.50a 35.79a 75cm 

245.7a 117.9a 15.50a 35.83a 85cm 

    Cultivar 

235.9b 116.4a 15.44a 36.14a Sc704 

251.7a 115.5a 15.61a 35.94a Sc770 

    N 

240.0c 113.4c 35.75a 15.42a Kg 250 

244.6b 115.8b 35.83a 15.83a Kg 350 

246.8a 118.7a 36.54a 15.33a Kg 450 

Means followed by the same letters in each column and factor are not significantly different 

by Duncan’s test at 5% probability level. 
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3.5 Silage yield 

Variance analysis and means comparision of traites was shown in tables 3 and 4. Row spacing 

had not a significant effect on silage yield (Table 4). The highest silage yield was produced in 

65cm row spacing with 66.54and 36.30 t/ha.The lowest silage yield(34.21) was produced in 

250kg/ha nitrogen(Urea manure) with 34.21t/ha. Amount of 250kg/ha and 350 kg/ha nitrogen 

produced highest silage yield with 36.74 and 37.30t/ha respectively. There is no significant 

difference between 350kg/ha and 450kg/ha nitrogen on silage yield.SC704 produced the 

highest silage yield with 38.21t/ha .The lowest silage yield(34.22 t/ha) were produced in 

related to SC770(Table4). Light interception was not affected by corn row spacing. No yield 

advantage was showed in narrow (spacing of 0.38 m) rows vs. conventional (spacing of 0.76 m) 

rows in maize at two growing seasons in Minnesota (Westgate et al.,1997).  

Nitrogen is the main element in increasing productivity and the increase of agricultural food 

production worldwide over the past four decades (Rahimizadeh, 2010), but large amount of 

fertilizer N was caused a serious environmental problem such as groundwater ontamination. In 

investigation of comparing liquid swine manure with chemical N and P fertilizer sources, 

maize yield and N and P uptake was similar for both N sources (Asghar et al , 2010). 

3.6 Dry and wet leaf weight 

Cultivars were nearly same in point of dry and wet leaf weight,SC770 had the higher and 

lower dry and wet leaf weight with 2.13t/ha and 6.56 t/ha than SC704 with 2.11t/ha and 6.60 

t/ha(Table 4and Table 6).The lowest wet leaf weight was in related to 250 kg/ha with 

5.87t/ha.350kg/haN (6.99 t/ha)and 450kg/ha N (6.89t/ha) effects had not significant 

difference on this trait . There was no difference effect between row spacings on dry and wet 

leaf weight(Table 4and Table 6).The highest and lowest wet leaf weight was obtained from 

75cm (7.09t/ha)and 65cm (6.02t/ha)respectively. Nitrogen had not significant effect on dry 

leaf weight. The lowest dry leaf weight was in related to 250 kg/ha with 2.10 t/ha(Table 6). 

3.7 Dry and wet stem weight 

SC704 had the highest dry and wet stem weight with 7.77t/ha and 18.47t/ha in compare of 

SC770 with 6.53 t/ha and 14.82t/ha respectively. Row spacings had not significant difference 

on dry and wet stem weight (Table 4and Table 6).Nitrogen had significant effect on dry and 

wet stem weight. The lowest wet stem weight was obtained from 250kg/ha N with 15.8t/ha . 

350kg/ha N with16.65t/ha and 450kg/ha Nwith17.07t/ha wet stem weight had not significant 

difference on wet stem weight. The lowest dry stem weight was obtained from 250kg/ha N 

with 6.82t/ha. 350kg/ha N with7.48 t/ha and 450kg/ha Nwith7.17t/ha dry stem weight had not 

significant difference on dry stem weight (Table 6).  

3.9 Dry and wet ear weight 

Row spacings had not significant difference on dry and wet ear weight .65cm row spacing 

had highest dry and wet stem weight with 13.10 t/ha and 7.52 t/ha respectively.SC704 had 

higher wet ear weight (13.14t/ha) than SC770(12.84t/ha). SC770 had higher dry ear weight 

(7.26t/ha) than SC704(6.66t/ha).The lowest dry and wet ear weight were obtained from 
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250kg/ha N with 6.60t/ha and 15.80 t/ha respectively.There is no significant difference 

between 350kg/ha N and 450 kg/ha N on dry and wet ear weight (Table 4and Table 6). 

Table 3. Variance analysis of experimental traits 

Ear weight (t/ha) stem weight(t/ha) Leaf weight (t/ha) Silage yeild(t/ha) df 

 

Source of variation 

 

6.62* 6.55ns 9.44ns 36.35ns 3 Replication 

0.45ns 5.54ns 6.95ns 0.14ns 2 Row spacing 

4.05 6.53 2.71 17.66 6 Error(a) 

1.60* 239.88* 0.03ns 286.88* 1 Cultivar(b) 

2.09ns 5.52ns 3.38ns 29.92ns 2 Row spacingx Cultivar 

9.84 6.97 4.72 25.59 9 Error( b) 

5.71ns 7.69ns 9.12ns 4.18ns 2 N(c) 

9.34ns 17.39ns 1.87ns 62.45* 4 Row spacingxN 

1.85ns 7.89ns 13.15ns 6.88ns 2 CultivarxN 

3.57ns 3.54ns 5.29ns 17.99** 4 Row spacingxCultivarxN 

3.88 4.03 2.69 15.37 36 Error( c) 

15.17 12.06 19.93 10.83  %CV 

*,** and ns significant at the 5% , 1% and non significant respectively. 

Table 4.-Mean comparison of different treatments for the studied agronomic characteristics in corn 

Ear weight (t/ha) stem weight(t/ha) Leaf weight (t/ha) Silage yield(t/ha) Treatments  

    Row spacing 
 

 

13.10a 17.18a 6.02a 36.30a 65cm  

12.83a 16.27a 7.09a 36.19a 75cm  

13.04a 16.47a 6.64a 36.15a 85cm  

    Cultivar  

13.14a 18.47a 6.60a 38.21a Sc704  

12.84b 14.82b 6.56a 34.22b Sc770  

    N  

12.54b 15.80b 5.87b 34.21b Kg 250  

13.10a 16.65a 6.99a 36.74a Kg 350  

13.34a 17.07a 6.89a 37.30a Kg 450  

Means followed by the same letters in each column and factor are not significantly different 

by Duncan’s test at 5% probability level. 

3.8 Dry silage yield 

SC704 (16.54 t/ha) and SC770 (15.92t/ha) were nearly similar for dry silage yield and had 
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not significant effect on dry silage yield at 0.05 probability levels (Tables 6). The highest dry 

silage yield were produced in 350 kg/haN (16.64 t/ha) and 450kg/haN (16.46 t/ha) plant/ha 

and the lowest dry silage yield (15.52 t/ha) were produced in 250kg/haN. Row spacing had 

not significant difference on dry silage yield. 65cm row spacing with 16.92t/ha had highest 

dry silage yield, 75cm row spacing had 15.83t/ha and 85 cm row spacing had 15.91t/ha dry 

silage yield (Table 6). 

Table 5. Variance analysis of experimental traits 

Dry stem 

weight(t/ha) 

Dry ear weight 

(t/ha) 

Dry leaf weight 

(t/ha) 

Dry silage 

yield(t/ha) 

 

df 

Source of variation 

 

5.61ns 2.89* 0.28ns 19.63ns 3 Replication 

2.70ns 2.01ns 0.15ns 8.36ns 2 Row spacing 

4.35 10.84 0.29 29.63 6 Error(a) 

27.44* 6.51* 0.01ns 6.89ns 1 Cultivar(b) 

2.29ns 0.47ns 0.04ns 4.79ns 2 
Row spacingx 

Cultivar 

3.87 7.16 0.34 19.37 9 Error( b) 

1.27ns 0.70ns 0.07ns 0.55ns 2 N(c) 

9.14ns 7.00ns 0.51ns 31.93* 4 Row spacingxN 

7.74ns 3.53ns 0.01ns 17.99ns 2 CultivarxN 

5.04ns 10.64ns 0.60ns 37.35** 4 
Row 

spacingxCultivarxN 

3.12 5.19 0.21 13.53 36 Error( c) 

16.69 19.74 15.55 18.66  %CV 

*,** and ns significant at the 5% , 1% and non significant respectively. 

Table 6. Mean comparison of different treatments for the studied agronomic characteristics in corn 

Dry stem weight(t/ha) Dry ear yield(t/ha)  

Dry leaf yield(t/ha) 

 

Plant dry weight(t/ha) 

Treatments 

    Row spacing 

7.52a 7.29a 2.11a 16.92a 65cm 

7.07a 6.75a 2.01a 15.83a 75cm 

6.86a 6.84a 2.21a 15.91a 85cm 

    Cultivar 

7.77a 6.66b 2.11a 16.54a Sc704 

6.53b 7.26a 2.13a 15.92a Sc770 

    N 

6.82b 6.60b 2.10a 15.52b Kg 250 

7.48a 7.03a 2.13a 16.64a Kg 350 

7.17a 7.24a 2.15a 16.46a Kg 450 

Means followed by the same letters in each column and factor are not significantly different   

by Duncan’s test at 5% probability level. 
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Means followed by the same letters in each column and factor are not significantly different 

by Duncan’s test at 5% probability level. 
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